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AGeneral Debugging and Profiling Advice
AArm Software for Debugging and Profiling
ADebugging with DDT

A Profiling with MAP

ATheta Specific Settings
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Debugging

A Transforming a broken program to a working one
A How? TRAFFIC!
ATrack the problem

AReproduce

AAutomate - (and simplify) the test case

ARNd originscg KSNB O2dzf R GKS AGAYFSOUAZZ2Y
AFocusc examine the origins

Alsolatec narrow down the origins

ACorrect ¢ fix and verify the test case is successful
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Profiling

Profiling is central to understanding and improving application performance.

Identify Hotspots Focus Optimization
/50X ‘ | y
i __Yes | |
Yes :
- Yes | I
Refine the " Yes | ;
. Profile | "no P s
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Performance Improvement Workflow

Get a realistic Profile your Look for the
test case code significant

What is the
nature of the =
problem?
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Arm Forge

An interoperable toolkit for debugging and profiling

Commercially supported
by Arm

1

N N
Fully Scalable

° o
Very useifriendly
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The defacto standard for HPC development

A Available on the vast majority of the Top500 machines in the world
A Fully supported by Arm on x86, IBM Power, Nvidia GPUs, etc.

Stateof-the art debugging and profiling capabillities

APowerful and irdepth error detection mechanisms (including memory
debugging)

A Samplingbased profiler to identify and understand bottlenecks

A Available at any scale (from serial to parallel applications running at
petascalé

Easy to use by everyone

AUnique capabilities to simplify remote interactive sessions
Alnnovative approach to present quintessential information to ugeIsm



Run and ensure application correctness
Combination of debugging and-oempilation

A Ensure application correctness withim DDT scalable debugger
A Integrate with continuous integration system.
A'aS OSNBEAZ2Y O2yaNRf (2 OGNI-OJCSSudoyy 3Sa |

N File Edil View Conirol Tools Window Help
XaIIID ES rEEZas AEREHUE ) O-D-
= Current Group: All = Focus on current: ® Group © Process © Thread [IStep Threads Together

A $> ddt -- offine  aprun Zn 48 ./example ” COEEEEEE]

Create Group

A $> ddt -- connect aprun Zn 48 ./example e e | et | Qe ke ammnd

Search (Cirl+K) N T { Visualization x |

A 108 tables[x][y] = (x+1)*(y+1); —
w ¥ cre.c = 1na [ra—_—— T File View Viewpoint
= & crep, Multi-Dimensional Array Viewer *
= % crep, <[l Process 0
= ® crep, Array Expression: tables[$i][$)] I Evaluate
: Z g::: Distributed Array Dimensions: ‘Nul‘le ~| How do | view distributed arrays? Cancel \rad
& " “'sf: Staggered Array What does this do? ~ Align Stack Frames
15| [ [2:17.256|0-7 Play _,_..ggsa Range of §i Range of §j Allo-ipdate
16| @ |2:18.048|4-7 Process stopped at breakpoint in main (cpi.c:50). * ::: From: [0 2 From: [0 el
®
17 Additional Information efu Tor 1 Y 10 11 E
Values - - !
X T - t " Display |Rows ¢| Display: |Columns =
¥ Stacks : — 8 myid: .~ from0to 7 n: — 100 Input/Output |~ =
Processes  Function | procs: — 8 myid: ~ from 0to 7 n: — 100 Stacks :
52 e (o) procs: — 8 myid: .~ from 0 to 7 n: — 100 Processes AT - S
18 2:19.048 [n/a Select process 4 mprocs: — 8 myid- — from 010 7 n- — 100 El: DjalaG Table Qé!aﬁsl:s | —
19 Addifional Information BT — o] om0 B I —00 ; C °J‘° AUIRED S pEindow) : | Cose |
» Current Stack mpracs: — 8 myid: .=~ from 0 to 7 n: — 100 4 0 1 2 3 4 5 6 7 8 9 10 11
procs: — 8 myid: .~ from 0'to 7 n: — 100 o - io q 2*‘ j j 5! 5! 7! 3! j ‘j ”1 121
» Locals mprocs: — 8 myid: .~ from 0 to 7 n: — 100 8| ! 4 oL R R e 22 o
: — 8 myid: _~~ from 0 to 7 n: — 100
10(2:17.832 |main (cpi.c:46) | 0-7 done: — 0i: .~ from 73 to 80 numprocs: — 8 myid: .~ from 0 to 7 n: — 100
11(2:18.323 |main (cpi.c:46) | 0-7 done: — 0i: .~ from 81 to 88 numprocs: — 8 myid: .-~ from 0 to 7 n: — 100
8 © 2021 / 12(2:18.323 |main (cpi.c:46) | 0-7 done: — 0i: .~ from 89 to 96 numprocs: — 8 myid: .=~ from 0 to 7 n: — 100
13]2:18.325 | main (cpi.c:46) |0-3 done: — 0i: -~ from 97 to 100 numprocs: — 8 myid: =~ from 0 to 3 n: — 100




Visualize the performance of your application

A Measure all performance aspects withm MAP parallel profiler
A ldentify bottlenecks and rewrite some code for better performance

Profiled: My_code.exe on 64 processes Started: Fri Sep 20 14:59:09 2013 Runtime: 35s Time in MPI: 45% Hide Metrics...

Memory usage (M)
94 - 7779 (454.6 avg )

A Exam o) les: e 0 B

CPU floating-point (%)

0 - 90 (8.2avg ) -

A $> m ap - p rofl Ie - n 48 ./exam p I e 14:59:09-14:59:44 (range 34.773s): Mejan;l!emory ;s;g;e ;54:M, Mean M‘;‘I :al\ duration 341.0 ms; Me;n CPU ﬂ;at\ng-po\nt 8.2 %; : : ) : : Metrics,| Reset

* My_code.fo0 ] |
87 !
88 = module wall_excitation [...n )
100 !
101 ! MODULE EXCITATION
Profiled: clover_leaf on 32 4 nodes, 32 cores (1 per process) Sampled from: Wed Nov 9 2016 15:28:37 (UTC) for 309.1s Hide Metrics. 102 |

103 module derivative
Application activity 140 e e e e e e e e et e e e e e e e e et e et e e e e et et et e e e e e
141 ! MAIN CODE
142 Lo oo iilooosioooooiooooooioooooo---
Iterations / s b 143 =] program Vel Vort 3D FP
e i | 1 i 144 use data_mc
0 e - - " 145 use wall_excitation
Grind time e 146 implicit none
N [ 147 include 'mpif.h*
148 double precision :: max_omx_dt,max_omy dt,max_omz_dt,t, time_cal
149 integer :: option,i,j,k,nn,fwent,count_max, counter,ios,next_file_at,W cnt(1l:4)
Step time " 150 character*30 :: str,file_type, str_t,num_2_str
0 s e, RS PRCO LI LB e it ot M o B0 WA 151
o - - <0, 1% 152 call MPI_INIT(ierr)
15:28:37-15:33:46 (309.138s): Main thread compute 0.2 %, OpenMP 0.0 %, MP119.7 %, OpenMP overhead 0.1 %, Sleeping ' | % 153 call MPI_COMM_SIZE(MPI_COMM_WORLD,npro,ierr)

i |

7 hydro 190 x Time spent on line 75 LI

Input/Output | Project Files  Parallel Stack View

3.2% j A flux_cale() 4 Breakdown of the 51.2% time spent on this line:
74 | 0.0% Parallel Stack View
RA2e 75 ALL advection() Calling o|'hel functions 100 0% Tatal Time
3.3% 77 reset_field() ‘ ____progran Vel Vort 30 FP y code.f90:143
n = 63.0% | i ime._integration call time_integration My_code.f90:330
) 16.9% sl meod_rank_read_file... call mod_rank_read_file all_its_own(str,nn,ios) ! Restart from last checkpoint My_code.f90:297
Input/Output | Project Files  OpenMP Stacks | OpenMP Regions | Functions | 12.8% elocity_solver call velocity solver My_code.f90:337
OpenMP Stacks @ x| 1.8% <unknown> <unknown> (no debug info)
Total core time ~ MPI Overhead Function(s) on line ;!‘: :’i:l | - ;I*:[‘;\r;;?d*’pf call cell_identifier My_code.f90:150
« 7 clover_leal
~hydro

L) [ /YRAOeRI——— 15 4%  <0.1% advection_module. advection
2 o 10 ol
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arm Debugging with DDT



Arm DDT 1T The Debugger

A Who had a rogue behaviour ?

AMerges stacks from processes and threads Run
o with Arm tools
A Where did it happen?

Identify
Aleaps to source a problem
A How did it happen? Gather info

A Diagnostic messages Who, V\\//\n?re, How, -
y

A Some faults evident instantly from source

A Why did it happen? Fix
A YALdzS &{ YFINI 1 A3IKEAIKGA "™+
A Sparklinexomparing data across processes Locals  CurrentLinets) | CurrentStck |
:l Current Line(s) F X
\_fariable Name l Value l
- mype [, 2724
{
\\150120 = pop (POP.f90:81)
150120 ;ipitlalize_pop(initial,90.119)
150120 - |r1it_communicate (communicate f90:87)
1so1Me 1] i-create_ocn_communicator (communicate f90:300)
11 © 2021 Arm




Preparing Code for Use with DDT

A As with any debugger, code must be compiled with the debug flag typiaally
A It is recommended to turn off optimization flags ii€D0

A Leaving optimizations turned on can cause the compil@ptimize outsome variables
and even functions making it more difficult to debug

12 © 2021 Arm a r' m



Segmentation Fault

A In this example, the application crashes with a segmentation error outside of DDT.

=] Terminal - rhulguin@ryanlinux:/media/sf VM_share/Training Codes/1 2 cstartmpifet + — O X
File Edit Wiew Terminal Tabs Help
2 ok e

}X =¥ cess rank 12 with PID 18305 on node
( igrnal 11 (Segmentation Tault).

[rbulguin@ryanlinux T99]1 %

A What happens when it runs under DDT?

13 © 2021 Arm G r m



Segmentation Fault in DDT

F cstartmpi.foo [ Locals  CurrentLine.. | Current St...
C t Lil 5 X
s :I urrenble ine(s) I I
. Wari Ma al
Se B subroutine func3 (my rank) -tralz L C=
o7 - - = - - H
Q7 :!_'nteger, allocatable :: tabi(:,:) fox 4108128
938 integer :: X, ¥, my rank é___,], o
99
100 allocate (tab(0:12,0:12))
101 = do i=0,11
102 = do while (v /= 12)
103 tab(x,v) = (=+1)*(y+1)
- Y o ymy_rankid |__programstopped x|
— Program Sto d *
105 end do L DR
106 end do Processes 0-15:
107 deallocate (tab) _Ji\
108 end subroutine func3 Process stopped in func3 (cstartmpi.fo0:103) with
109 signal SIGSEGV (Segmentation fault).
110 = subroutine print arg{arg) Reason/Origin: address not mapped to object (attempt
111 character (128) :: arg to access invalid address)
4 I Your program will probably be terminated if you » I
continue.
You can use the stack controls to see what the process
t&s | Tracepoints | Tracepoint Output | Logbook | Eva was doing at the time. = 2
T o> Ex [+ Always show this window for signals
[ I
= Continue | Il Pause

A DDT takes you to the exact line where Segmentation fault occurred, and you can pau:
and investigate

14 © 2021 Arm a r’ m



Invalid Memory Access

F  cstartmpi.foo [ |

96

o

98

99
100
101
102
103
104
105
106
107
108
10%
110
111

Et

I

Et

subroutine func3 (my rank)

integer, allocatable ::

tab(:,:z)

integer :: =%, ¥, my rank

allocate(tab(0:12,0:12))
do 1i=0,11
do while (v /= 12)

tab(x,v) = (x+1})* (y+1)

¥

= wimy rank+1

ernd

end dd
dealld
end subi

subrouti

charad

On this line:
16 Processes: ranks 0-15
1 Thread (Rank 0): #1

Mame: cak
Type: integer (kind=4), ALLOCATABLE
(D:12,0:12%

|

Locals Current Line... I Current St... I

Current Line(s) [
Variable Name Value

iitab ([0l = ( [0] = -1581
x —4198128

A The array tab is a 13x13 array, but the application is trying to write a value to
tab(4198128,0) which causes the segmentation fault.

A i is not used, and andy are not initialized

15
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SCHRODI

BUG

, mo S t o f t

A A strange behaviour where the
applicationcsometimes crashes
IS a typical sign of a memory bug

A Arm DDT is able to force the
crash to happen

arm
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Advanced Memory Debugging
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